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DETAILED ACTION 
New Grounds of Rejection 
Claim Objections 
Claim 9 is objected to because of the following informalities: 
In independent claim 9, line 9 ? after "implanting to form", delete "course" and 
insert -source--. Appropriate correction is required. 

Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

1 . Claims 1-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ross (U.S. 
Patent 6,548,899) in view of Lee et al. (U.S. Patent 6,664,172). 

In re claim 1 , Ross discloses a method for treating a silicon nitride (Si x N y ) film, 
the method comprising: forming the silicon nitride film; and electron beam treating the 
silicon nitride film with a sufficiently high electron dosage (col. 2, lines 55-65 and col. 5, 

line 54 to col. 6, line 42). 

55 On the surface of the substrate is an optional pattern of 
raised lines, such as metal, oxide, nitride or oxynitridc lines 
which arc formed by well known lithographic techniques - 
Suitable materials for the Hoes include silica* silicon nitride, 
titanium nitride, tantalum nitride, aluminum, aluminum 

53 alloys, copper, copper alloys, tantalum, tungsten and silicon 
oxynitride . These lines form the conductors or insulators of 
an integrated circuit. Such are typically closely separated 
from one another at distances of about 20 micrometers or 
less, preferably 1 micrometer or less, and more preferably 

$5 from about O.Q5 to about 1 micrometer. 
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The film may also be cured by exposing the surface of the 
substrate to a fttix of electrons. Whether the film is cured by 55 
electron beam exposure or is cured by other means such as 
beating or exposure to UV light, the surface of the dielectric 
film is exposed to sufficient electron beam exposure to 
remove substantially all moisture and contaminants from the 
surface of the dielectric layer. go 

Ross does not explicitly disclose treating the silicon nitride film with a sufficient 

high electron dosage to reduce a H content of the silicon nitride film. 

Lee, however, discloses forming a silicon nitride layer SisN4 and performing a 

dehydrogenation process on the silicon nitride layer (col. 7, claim 13). 

12. The method of claim 9 wherein the conductive Unc 5 
comprise* a bit line or a word line. 

13. A method of malriag a m&tai-oxide-3emicoDductor 
(MOS) transistor with improved threshold voltage (V,) 
stability, ike method comprising: 

providing a semiconductor substrate; 10 

forming the gate of at least one transistor on a surface of 
tie semiconductor substrate, the gate coaspraing agate 
oxide layer and a conductive layer; 

foraneg a lightly doped drain (LDD) of the transistor; 

forming; a silicon nitride layer Si^N^ layer) on a surface of is 
the gate cf the transistor and the scmicanduclar sub- 
strate by performing a low thermal budget: process; 

performing a dehydrogena^on process on the silicon 
Gstride layer; 

etching the silicon, nitride layer £a Earm a spacer in giac 213 

periphery of the gate, and 
formir^g a source/riTaiEi (S/I>) of the sransistor* 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to combine the teaching of Ross and Lee to enable the 
process of treating the silicon nitride film with a sufficiently high electron dosage to 
reduce a H content of the silicon nitride film of Ross to be performed and furthermore to 
improve the stability of threshold voltage (col. 3, lines 27-32, Lee et al.). 

In re claim 2, Ross discloses that the method of claim 1, which further comprises 
heating the film to a temperature in a range from about 25° C to about 1050° C (col. 5, 
line 61 to col. 6, line 1 1). 
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Preferably the electron- beam exposure is done at a vacuum 
5 in the range of from about ItT 5 to about 10^ torr, and with 
a substrate temperature in the range of from about 25° Q to 
about 1050° C. When the electron beam is used both for 

In re claim 3, Ross discloses that the step of electron beam treating includes 

exposing the film to electron beam current at doses in a range from about 100 (iC/cm to 

about 5 5 000 \xC/cm 2 (col. 6, lines 12-21). 

When the electron beam is used both for dielectric caring 
and surface treatment, the electron beam dose will fall into 
the raogc of from about 1 to about lOOjOOO juC/om 1 , pref- 
ix erably from about 100 to about lO^OOO^C/cm 2 . and more 
preferably from about 1 to about 8,000 pC/cm*. The dose 
and energy selected will be proportional to she thickness of 
the films to be processed. When the electronbeam is used as 
a dielectric surface treatment, energy and doses will fall into 
20 the ranges of about 05 to about 3 KeV and about 100 to 
about 5,000 /iC'cm 2 , respectively. Hie appropriate doses and 

In re claim 4, Ross discloses that the step of electron beam treating further 

includes exposing the film from about 0.5 minute to about 120 minutes (col. 6, lines 12- 

42). 

about 1000 A from the surface, Geocrally the exposure will 
3D range from about 0.5 minute to about 120 minutes, and 
preferably from about 1 minute to about 60 minutes. The 



In re claim 5, Ross discloses that the step of electron beam treating comprises 
placing the film in an ambient gas in a chamber wherein the electron beam is formed 
between a cathode and an anode, and providing a cathode voltage in range form about -.5 
KV to about -10 KV (col. 6, lines 12-42). 

In re claim 6, Ross discloses wherein the ambient gas is one or more of N2, H2, 



Ar, 02, or any combination of these gases (col. 6, lines 40-42). 
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-io inches. The gaseous ambient in the electron beam system 
chamber may he nitrogen, hydrogen* argon, oxygen, or any 
combinations of these gases. 

In re claim 7, Ross discloses that a pressure of the ambient gas in the chamber and 
a working distance between the cathode and the anode are maintained so that arcing does 
not occur between the cathode and the anode (col. 7, line 28 to col. 8, line 7). 

In re claim 8, Ross discloses wherein the pressure of the ambient gas in the 
chamber is maintained at one or more levels that provide a substantially constant electron 
beam current during at least one treatment period (col. 7, lines 28 to col. 8, line 7). 
2. Claims 9-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Lee et al. 
(U.S. Patent 6,664,172) in view of Ross (U.S. Patent 6,548,899). 

In re claim 9, Lee discloses a method for fabricating a pMOSFET, the method 
comprising: oxidizing a gate; forming a gate electrode 108, 114 (col. 4, lines 19-43 and 



FIG. 7); 



105 




Fig. 7 



implanting to form shallow source/drain extensions 116 (col. 4, lines 44-57 and 



FIG. 8); 
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Fig. 8 



forming a SiN gate sidewall 118 (col. 4, lines 44-57); 

treating the SiN gate sidewall with a sufficiently high electron dosage to reduce a 
H content of the silicon nitride film (col. 7, claim 13); 



12. The method of claim 9 wherein the conductive Line 5 
comprises a bit line or a word line, 

13. A method of making a m&talKJxlde-semicoGductor 
(MOS) transistor with improved threshold voltage (V,) 
stability, the method comprising: 

providing a .semiconductor su-bstr&te; 10 

forming the gate of at; least one transistor on a surface of 
the semiconductor substrate, the gate comprising agate 
oxide layer and a conductive layer; 

forming a lightly doped drain (LDD> of the transistor; 

forrnieg a silicon nitride layer SijN^ layer) on a surface of is 
tibe gate of the transistor axud the scs 1 1 i ca mfucio r sub- 
strate by performing a low thermal budget process; 

performing a d&hydro gee alio n process on the silicon 
nitride layer; 

etching the silicon, nitride layer to farm a spacer in siae 20 

periphery of the gate , and 
formir^g a source/drain (S/D) of the transistor. 



implanting to form source/drain deep junctions 124, 126; and activating the 



source/drain (col. 5, lines 29-36 and FIG. 10). 
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105 




100 



Fig. 10 



Lee does not explicitly disclose electron beam treating the SiN gate sidewall with 
a sufficiently high electron dosage as recited in the Applicants' claimed invention. 

Ross , however, discloses electron beam treating the silicon nitride film with a 
sufficiently high electron dosage (col. 2, lines 55-65 and col. 5 5 line. 54 to col. 6, line 42). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 
invention was made to combine the teaching of Lee and Ross to enable the process of 
treating the silicon nitride film with a sufficiently high electron dosage to reduce a H 
content of the silicon nitride film of Lee to be performed and furthermore to remove 
substantially all moisture and contaminants form the surface of the layer (col. 5, lines 54- 
60, Ross). 

In re claim 10, Ross discloses that the step of electron beam treating includes 

heating the SiN gate sidewall to a temperature in a range from about 25° C to about 

1050° C (col. 5, line 61 to col. 6, line 1 1). 

Preferably the electron beam exposure is done at a vacuum 
5 in the range of from about 1CT 5 to about 10? torr, and with 
a substrate temperature in the range of from about 25° C, to 
about 1050° C. When the electron beam is used both for 
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In re claim 1 1, Ross discloses that the step of electron beam treating includes 
exposing the SiN gate sidewall to electron beam current at doses in a range from about 
100 ^tC/cm 2 to about 5,000 ^iC/cm 2 (col. 6, lines 12-21). 

when the electron beam is used both for dielectric curing 
and surface treatment, the electron beam dose will fall into 
the range of from about I to about IOOjOOO pC/cm*, prof- 

is erably from about 100 to about 10,00Q/<C/cm* and more 
preferably from about 1 to about 8*000 /fC/cm 5 : The dose 
and energy selected will be proportional to she thickness of 
the films to be processed. When the electron beam is used as 
a dielectric surface treatment, encigy and doses will fall into 

20 the ranges of about 0.5 to abom 3 KeV and about 100 to 
about 5,000 fiC/cm z 9 respectively. Hie appropriate doses and 

In re claim 12, Ross discloses that the step of electron beam treating includes 

exposing the SiN gate sidewall from about 0.5 minute to about 120 minutes (col. 6, lines 

12-42). 

about 1000 A from the surface, Generally the exposure will 
3D range from about 0.5 minute to about 120 minutes, and 
preferably from about 1 minute to about 60 minutes. The 

In re claim 13, Ross discloses that the step of electron beam treating comprises 
placing the SiN gate sidewall in an ambient gas in a chamber wherein an electron beam is 
formed between a cathode and an anode, and providing a cathode voltage in range form 
about -.5 KV to about -10 KV (col. 6, lines 12-42). 

In re claim 14, Ross discloses that the ambient gas is one or more of N2, H2, Ar, 
O2, or any combination of these gases (col. 6, lines 40-42). 

*o inches. The gaseous ambient in the electron beam system 
chamber may be nitrogen, hydrogen, argon, oxygea, or any 
combinations of these gases. 
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In re claim 1 5, Ross discloses that a pressure of the ambient gas in the chamber 
and a working distance between the cathode and the anode are maintained so that arcing 
does not occur between the cathode and the anode (col. 7, line 28 to col. 8, line 7). 

In re claim 1 6, Ross discloses that the pressure of the ambient gas in the chamber 
is maintained at one or more levels that provide a substantially constant electron beam 
current during at least one treatment period (col. 7, lines 28 to col. 8, line 7). 

I n re claims 1 7 and 1 8 5 Lee in combination with Ross inherently reduce a H 
content of the silicon nitride film through substantially the entire thickness of the silicon 
nitride film. 

3. Claims 19-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ross (U.S. 
Patent 6,548,899) in view of Lee et al. (U.S. Patent 6,664,172). 

In re claim 1 9, Ross discloses a method for treating a silicon nitride (Si x N y ) film, 
the method comprising: forming the silicon nitride film having a thickness; and electron 
beam treating the silicon nitride film with a sufficiently high electron dosage (col. 2, lines 
55-65 and col. 5, line 54 to col. 6, line 42). 

55 On the surface of the substrate is an optional pattern of 
raised lines, such as metal, oxide, nitride or oxymtride lines 
wfoich arc formed by well known lithographic techniques. 
Suitable materials for the lines include silica, silicon nitride, 
titanium nitride, tantalum nitride, aluminum, aluminum 

$3 alloys, copper, copper alloys, tantalum, tungsten and silicon 
oxynitride. These lines form the conductors or insulators of 
an integrated circuit. Such are typically closely separated 
from one another at distances of about 20 micrometers or 
less, preferably 1 micrometer or less, and more preferably 

$5 from about O.G5 to about 1 micrometer. 
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The film may also be cured by exposing tbc surface of the 
substrate to a flux of electrons. Whether the film is cured by 55 
electron beam exposure or is cured by other means such as 
beating or exposure to UV light, the surface of the dielectric 
film is exposed to sufficient electron beam exposure to 
remove substantially all moisture and contaminants from the 
surface of the dielectric layer, <sq 

Ross does not explicitly disclose treating the silicon nitride film with a sufficient 
high electron dosage to reduce the H content of the silicon nitride film through 
substantially the entire thickness of the silicon nitride film. 

Lee , however, discloses forming a silicon nitride layer SiaN4 and performing a 

dehydrogenation process on the silicon nitride layer (col. 7, claim 13). 

12. The method of claim 9 wherein the conductive lisac 5 
comprises a bit line or a word line. 

13. A method of making a melal^xide-aeroiooDductor 
(MOS) transistor with improved threshold voltage C^Q 
stability, the method ccm^risijig: 

providing a semiconductor substrate; 10 

forming the gate of at least one transistor on a surface of 
eke semiconductor substrate, the gate comprising a gate 
oxide layer and a conductive layer; 

forming a lightiy doped drain (LDI2) of the transistor; 

fbrmir^g a silicon nitride layer Sd^N^ layer) orj a surface of is 
tbc gate cf tfcuc transistor and, the scznicondructor sub- 
strate by performing; a low thermal budget process; 

performing a dehydxogenatian process on the silicon 
nitride layer; 

etching the silicon, nitride laysx to form a spacer in tihe 23 

periphery of the sate, aad 
forming a source/drain (S/D) of the uansistor, 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention was made to combine the teaching of Ross and Lee to enable the 

process of treating the silicon nitride film with a sufficiently high electron dosage to 

reduce the H content of the silicon nitride film through substantially the entire thickness 

of the silicon nitride film of Ross to be performed and furthermore to improve the 

stability of threshold voltage (col. 3, lines 27-32, Lee et al.). 
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In re claim 20, Ross discloses that the step of electron beam treating includes 
exposing the film to electron beam current at doses in a range from about 100 jaC/cm 2 to 

about 5,000 ^iC/cm 2 (col. 6, lines 12-21). 

When the electron beam is used both for dielectric curing 

and surface treatment, the electron beam dose will fall into 

the range of from about 1 to about 100.000 juC/cm* w prcf- 
is erably from about 100 to about lO^OOOaC/cm 2 . and mote 

preferably from about 1 to about 8,000 ffCfom*> The dose 

and energy selected will be proportional to she thickness of 

the films to be processed. When the electron beam is used as 

a dielectric surface treatment, energy and doses will fall into 
2D the ranges of about OS to about 3 KeV and about 100 to 

about 5,000 /iC/cm\ respectively. The appropriate doses aod 

Response to Applicant's Amendment and Arguments 

Applicant's arguments with respect to claims 1-20 have been considered but are 
moot in view of the new ground(s) of rejection. 

Applicants contend that Ross et al. does not teach a method for treating a silicon 
nitride film to reduce a H content in the film by forming a silicon nitride film and 
electron beam treating the silicon nitride film at a sufficiently high electron dosage to 
reduce a H content in the silicon nitride film. 

In response to Applicants' contention that Ross et al. does not teach a method for 
treating a silicon nitride film to reduce a H content in the film by forming a silicon nitride 
film and electron beam treating the silicon nitride film at a sufficiently high electron 
dosage to reduce a H content in the silicon nitride film, Examiner respectfully disagrees. 
Since the Applicants' amendment necessitated the new ground(s) of rejection presented 
in this Office Action, Applicants' argument is moot. Examiner respectfully submits that 
the newly discovered reference, Lee et al. (U.S. Patent 6,664,172) in combination with 
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Ross (U.S. Patent 6,548,899) disclose the Applicants' claimed invention (see the 
rejection presented in this Office Action, on pages 2-3). 
For this reason, Examiner holds the rejection proper. 

Conclusion 

Applicants amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 
706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 CFR 
1 . 1 36(a). A shortened statutory period for reply to this final action is set to expire 
THREE MONTHS from the mailing date of this action. In the event a first reply is filed 
within TWO MONTHS of the mailing date of this final action and the advisory action is 
not mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of the 
advisory action. In no event, however, will the statutory period for reply expire later than 
SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khiem D. Nguyen whose telephone number is (571) 272- 
1865. The examiner can normally be reached on Monday-Friday (8:30 AM - 5:30 PM). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on (571) 272-1855. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 
Center (EBC) at 866-2 1 7-9 1 97 (toll-free). 

K.N. 

May 09 th , 2005 




W. DAVID COLEMAN 
PRIMARY EXAMINER 



